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The  nomogram  described  in  this  report  has  proved  itself  in  regular 
use  over  a  period  of  some  months,  particularly  because  it  presents  a 
number  of  the  standard  results  employed  in  lethality  assessment  in  a 
form  at  once  readily  accessible  and  suitable  for  application  to  a  wide 
range  of  calculations,  results  obtained  from  it  have  led  to  the  follow¬ 
ing  conclusions:-  ^ 

(1)  The  optimum  fragment  mass  to  attack  the  crew  and  engines  of 
a  heavy  bomber  aircraft  is  oz,  unless  it  is  certain  that  the  crew  is 
not  protected  by  armour  when  smaller  sizes,  possibly  as  small  as  ^/32  oz> 
would  be  better. 

(2)  It  would  be  profitable  to  attack  light-cased  H.E.  bombs 
within  the  aircraft  using  \  oz  fragments  having  an  initial  velocity  of 
8000  ft/sec. 

(3)  If  the  warhead  were  filled  with  Torpex  rather  than  T.N.T, 
there  would  be  a  saving  in  total  weight  of  10 %  or  possibly  mare.  For 
R.D.X./T.N.T,  ,  6O/4O,  the  corresponding  saving  would  be  about  5%. 

(4)  For  3;  oz  fragments  double  wire-winding  does  not  seem  to  bo  a 
practicable  method  of  fragment  control  within  the  range  of  warhead 
dimensions  considered,  but  for  a  warhead  designed  to  attack  moderately 
soft  targets  controlled  to  give  ^/l6  oz  fragments  the  method  might  be 
used  with  advantage. 
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1  Introduction 

An  earlier  report-*-  described  a  theoretical  method  of  calculating 
the  survival  chance  of  a  typical  aircraft,  exposed  to  the  fragmentation 
of  a  cylindrical  guided  missile  warhead,  under  certain  assumptions  of 
which  the  chief  were :  - 

(i)  that  the  'arhead  is  detonated  by  a  proximity  fuze  charac¬ 
terized  by  a  constant  looking  angle  of  70°,  and 

(ii)  that  the  vulnerable  components  of  the  aircraft  may  reasonably 
be  supposed  spherically  symmetrical  and  concentrated  at  the 
same  point  in  space . 

The  theory  was  applied  to  assess  the  probability  of  survival  under 
conditions  defined  by  particular  values  of  certain  parameters  such  as 
fragment  mass,  total  warhead  weight,  charge/case  weight  ratio,  fuze 
burst  range  and  height  of  attack  the  criteria  for  destruction  of  the 
whole  aircraft  were  taken  to  be:- 

(l)  lethal  damage  to  at  least  two  of  the  four  engines,  or 

(ii)  injury  to  the  two  pilots  sufficient  to  incapacitate  both,  or 

(iii)  at  heights  greater  than  t-3,000  ft  only,  the  penetration  of 
the  pressure  cabin  transparencies. 

The  usefulness  of  the  results  in  Ref.  1  w as  limited,  to  sane  extent, 
by  the  arbitrary  ranges  of  values  chosen  for  the  parameters  and  it  was 
recognized,  as  the  computation  proceeded,  not  only  that  it  would  be 
necessary  to  enlarge  the  scope  of  the  original  work  but  also  that  the 
potential  application  of  the  method  might  be  widened  if  the  fundamental 
results  were  presented  graphically  as  a  nomogram.  The  results  of  such 
additional  work  are  published  In  this  note  and  the  opportunity  has  been 
taken  of  presenting  the  nomogram  at  the  same  time:  its  use  makes  additions 
and  subtractions  the  only  arithmetic  processes  requisite  in  the  calcula¬ 
tion  of  the  survival  chance,  thus  facilitating  greatly  the  task  ox‘  the 
average  computer 

It  is  not  necessary  to  repeat  the  essential  theory,  which  was 
developed  fully  in  Ref. 1,  and  the  notes  that  follow  will  be  devoted  to 
details  of  the  new  work;  this  comprises  methods  of  calculating: - 

(i)  the  survival  chance  of  a  thin  cased  H-E.  bemb  as  a  distinct 
subtarget , 

(ii)  the  effect  on  the  total  survival  chance  of  substituting 
explosive  fillings  other  than  T.N.T  in  the  guided  missile 
warhead, 

(iii)  the  use  of  annular  charges  in  the  guided  missile  warhead,  and 

(iv)  the  use  of  wire  winding  as  a  method  of  fragment  control. 

The  construction  of  the  nomogram  and  the  method  of  us^,  step  by  step, 
may  be  deduced  from  Table  V,  and  the  specimen  work-sheet,  Table  VI 

There  are,  In  addition,  a  number  of  changes  of  a  detailed  nature 
to  be  recorded  but  two  restrictions  must  still  be  accepted:  firstly  It 
has  not  been  possible  to  consider  mere  than  two  fragment  shapes  (as 
distinct  from  sizes)  ,  the  large  increase  in  the  number  of  graphs  required 
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x'or  further  cases  being  considered  unreasonable,  and,  in  consequence, 
calculations  can  be  performed  only  for  fragments  controlled  to  cubes  or 
2:2:1  par allelopipeds;  secondly  the  results  still  apply  to  cylindrical 
•warheads  only.  Certain  restrictions  were  placed  on  warhead  dimensions 
in  the  earlier  v/orkl  which  have  been  accepted  here,  namely  that  the 
length  should  not  exceed  2 4  ins,  approximately,  and  that  the  diameter 
should  be  between  4  ins  and  20  ins. 

In  all  calculations  relating  to  the  H  E,  bomb  the  bomb  filling  was 
assumed  to  be  T.N.T.;  the  warhead  was  also  supposed  to  be  filled  with 
T*N,T.  except  in  a  few  instances  where  the  filling  is  mentioned  by  name. 
Most  of  the  results  refer  to  explicit  miss  distances  and  it  must  be 
remembered,  when  comparing  these  with  others  referred  to  R.M.S.  miss 
distances,  that  the  lethalities  may  appear  to  differ  considerably:  some 
indication  of  the  effect  of  these  different  methods  of  presentation  may 
be  obtained  by  comparing  figures  2.06(a)  and  2.06(b), 

2  The  fundamental  theory:  changes  and  additions  to  the  earlier  theory 
2 . 1  The  wider  range  of  parameters 

It  is  a  notable  advantage  of  the  nomographic  method  that  .several 
parameters  appearing  as  arbitrary  constants  in  any  given  calculation 
enter  only  at  the  final  stage.  Among  these  are  the  mean  vulnerable 
areas  of  the  various  subtargets  and  it  has  been  decided  to  make  use  of 
this  property  by  revising  the  figures  originally  used*  to  accord  more 
closely  with  the  most  recent  experimental  results*^ *3;  (in  particular  "it 
seems  that  the  compressor  is  the  only  component  of  a  jet  engine  which 
can  be  assumed  to  contribute  effectively  to  the  vulnerability  for  British 
category  C  damage  and,  even  so,  fragments  whose  mass  is  ■§■  oz  or  less  do 
no  damage).  Similarly  it  would  be  a  simple  matter  to  change  the  penetra¬ 
tion  criteria.  This  increased  flexibility,  in  conjunction  with  a  change 
in  the  main  computing  scheme  (to  be  described  below)  such  that  survival 
chances  ore  calculated  for  each  subtarget  individually,  makes  it  possible 
to  use  the  nomogram  to  assess  the  vulnerability  of  a  number  of  aircraft 
types. 


The  graphs  have  been  prepared  in  such  a  way  that  engagements  at 
any  altitude  up  to  o0,000  ft  may  be  considered;  two  minor  improvements 
in  the  construction  of  the  statistical  model  permit  variation  in  the 
proportion  of  the  warhead  oase  assumed  to  break  into  fragments  %of  the 
desired  size  (previously  fixed  at  %)  and  also  the  use  of  the  true  dis¬ 
tribution  function  of  fragment  presented  area,  g(ajJ  ,  rather  than  a 
linear  approximation, 

2.  2  The  survival  chance  of  individual  subtargets 

It  is  convenient  to  be  able  to  assess  the  contributions  to  the 
total  destruction  chance  of  each  separate  subtarget  and,  since  the 
individual  chances  are  readily  combined  to  give  the  total,  a  small 
modification  has  been  made  in  the  computing  process  in  order  to  deter¬ 
mine  them.  It  follows  immediately  from  the  theory  already  described** 
that,  if  the  probability  of  destroying  at  least  h  of  a  set  of  k 
identical  components,  each  presenting  an  area  A  ,  be  denoted  by 
P(h:k),  then 


Ref.l,  P.12.  Revised  figures  appear  in  Table  I  of  this  note. 
Ref.l,  Section  8. 
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P(2  :  if)  =  1  -  4e 


(2.21) 


nA  2nA 


P(2:2)  =  1  -  2e  QrZ  +  e  nr“ 


(2.22) 


n  A 


P(l:  1)  =  1  -  e  nr2 


(2.23) 


where  n  represents  here  the  number  of  effective  fragments  and  the 
notation  is,  otherwise,  that  previously  used. 

In  the  case  of  a  f our-engined  aircraft  the  quantities  P(2:4) , 
p(2:2)  and  ?(l:l)  represent,  respectively,  the  chances  of  destroying 
more  than  two  of  the  four  engines,  of  disabling  each  of  the  tv/o  pilots 
and  of  penetrating  the  transparencies  (or  exploding  the  bomb);  but,  if 
a  two  engined  aircraft  controlled  by  one  pilot  only  were  under  considera¬ 
tion,  then  the  probabilities  of  causing  lethal  damage  to  the  engines  and 
crew  would  be  p(l:2)  and  ?(l:l)  respectively. 

Defining  the  total  chance  of  destruction  by  P  then,  for  a  four- 
engined  aircraft. 


(1  -  P)  =  (1  -  Pe  ( 2 : 4) )  (1  -  Pc(2:2))  (l  -  Pt(l:l))  (l  -  Pb(l:l))  (2.24) 


Here  the  subscripts  e,  c,  t  and  b,  referring  respectively  to  the 
engines,  pilots,  transparencies  and  bomb  load,  have  been  introduced  to 
eliminate  all  chance  of  ambiguity. 

2 .  3  The  bomb  load  as  a  sub  tar  get 

Although  there  remains  a  measure  of  disagreement  as  to  the  best 
method  of  assessing  the  chance  of  exploding  a  high  explosive  bomb  by 
fragment  impact  it  is  thought  that,  under  the  conditions  envisaged  - 
that  is,  in  the  instance  of  a  light  cased  bomb  -  an  energy  criterion  is 
more  nearly  representative  of  actual  conditions  than  a  penetration  cri¬ 
terion.  That  employed  in  the  nomogram  is  based  upon  the  results  of 
K.S.  Jones^-  and  may  be  written, 


if  ^mV2  <  2.6.106  then  Pd  =  0 


if  gmV2  *  5- 0  106  then  Pd  =  1 


(2.31) 


•gmV2  -  2.6.106 
2.4. 106 


if  2.6.106  <  -ginY2  <  5.0.106  then  Pd  = 


where  Pd  =  the  probability  of  detonation 
m  =  fragment  mass  (oz) 


V  =  velocity  at  which  the  fragment  strikes  the  bomb  case  (ft/sec) 
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This  is  believed  to  be  a  good  approximation  if  the  bomb  case  is  less  than 
5  in.  thick  and  for  fragment  masses  of  ^  oz  or  greater. 

In  general  the  fragment  must  penetrate  one  of  the  bomb  doors 
before  it  strikes  the  bomb.  As  yet  no  satisfactory  relation  between 
the  fragment  velocities  before  and  after  penetration  of  a  thin  plate 
has  received  general  acceptance  and  it  has  been  decided,  therefore,  as 
an  approximation  to  define  the  loss  in  velocity  by  the  loss  in  momentum 
supposed  equal  to  the  minimum  required  to  penetrate  a  bomb  door  consist¬ 
ing  of  a  dural  plate,  0.0 56  ins  thick. 

The  chance  of  destroying  the  bomb  load,  is  then  expressed  by 
the  relation, 

=  pa .  ph  (2.32) 


where  =  chance  of  the  fragment  striking  the  bomb  load  which 

has  presented  area  Aj, 

nAb 

=  1  -  c  Or2  (2.23) 


2 . hr  The  effect  of  changing  the  H  E,  filling  of  the  warhead 

The  assumption  was  made  in  the  earlier  calculations*^  that  the 
missile  would  be  charged  with  T.N.  T.  However,  the  use  of  more  powerful 
explosives  will  make  it  possible  to  achieve  a  higher  lethality  for  the 
same  warhead  weight  and  the  nomogram  has  been  constructed  in  a  manner 
which  allows  this  effect  to  be  evaluated.  The  only  important  difference 
in  method  occurs  in  the  calculation  of  initial  fragment  velocity.  A 
considerable  amount  cf  field  work  has  been  done  to  establish  a  connection 
between  fragment  velocity  and  chargc/case  weight  ratio  and  the  relation 
previously  employed*  is  thought  to  be  a  satisfactory  representation 
provided  that  the  length/diameter  ratio  of  the  warhead  is  fairly  large 
(see  2o  7)  -  moreover,  it  has  been  shown  that,  to  a  reasonable  degree  of 
approximation,  the  velocities  generated  by  any  two  explosives  in  cylin¬ 
drical  warheads  of  the  same  charge/case  weight  ratio  are,  themselves, 
in  a  constant  ratio  Applying  the  latter  conclusion,  it  follows  that 
fragment  velocities  due  to  any  explosive  other  than  T.N.T,  are  found  by 
multiplying  the  corresponding  T,N  T,  velocities  by  a  constant  factor, 

\  ,  say.  Values  of  \  for  a  number  of  explosives  are  listed  in 
Table  It  is  assumed,  of  course,  that  in  fixing  or  calculating 

the  charge/case  weight  ratio  due  account  is  taken  of  the  change  in 
density  of  the  filling. 

2.  5  Annular  warheads 


The  general  theory  has  been  applied  to  examine  the  effect  of  an 
annular  hollow  charge  on  warhead  performance  and  the  reasons  which  might 
justify  the  design  of  such  a  charge  have  been  enumerated**.  The  comput¬ 
ing  process  is  identical  to  that  employed  for  a  solid  warhead  except  that 


Ref.l  P.  l6  and  Pig.  7. 
Ref.l  Section  10, 
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a  value  must  be  assigned  to  one  more  parameter;  namely,  the  internal 
radius  of  the  annulus;  but  the  relation  between  fragment  velocity  and 
charge/case  weight  ratio  must  be  revised  and,  having  regard  to  the  very 
small  amount  of  evidence  in  support  of  existing  theories,  it  is  thought 
that  the  hollow  charge  relation  previously  used  is  a  satisfactory 
approximation* ,  subject  to  the  proviso  that  the  annular  internal  radius 
should  not  be  less  than  one  quarter  of  the  external  radius»  It  is 
pertinent  to  note  that  the  weight  of  the  material  lining  the  annulus  or 
of  any  substance  within  the  annulus  is  neglected  in  reckoning  the 
charge/case  weight  ratio, 

2.  6  Methods  of  fragmentation  control 

Complementary  to  the  grooved  charge  method  of  fragmentation  control 
are  a  number  of  methods  depending  on  the  use  of  notched  wire,  rings, 
cast  pellets,  punched  holes  or  the  use  of  spot  hardened  steel  in  the 
manufacture  of  the  warhead  case,  A  series  of  experiments  is  in  progr^oo 
in  the  United  States  with  the  object  of  determining  the  percentage  of  the 
case  weight  which  can  be  converted  to  controlled  fragments  and  the  results 
so  far  available  in  this  country  show  that  although  the  punched  hole  and 
spot  hardening  methods  are  disappointing  percentages  of  the  order  of 
80/o  may  be  obtained  using  rings 7*8 >9.  The  only  modifications  to  be 
observed  in  the  computing  process  as  defined  previously!  are, 

(i)  the  use  of  the  appropriate  factor  f  defining  the  proportion 
of  fragmenting  metal  converted  to  controlled  fragments, 

(ii)  the  inclusion  of  the  weight  of  any  liner  with  the  weight  of 
metal  in  calculating  the  charge/case  weight  ratio,  and 

(iii)  the  possibility  of  using  cubical  fragments  even  when  the 
fragment  mass  is  less  than  4r  os 

The  nomogram  is  so  constructed  as  to  perrait  these  modifications.  If, 
however,  it  v/ere  required  to  study  any  fragment  shape,  other  than  the 
cube  and  the  2x2x1  rectangular  parallelopiped  which  has  its  larger 
face  parallel  to  the  warhead  surface,  certain  modifications  would  became 
necessary  whose  extent  can  be  ascertained  by  inspection  of  the  formulae 
given  in  Table  V.  For  want  of  better  information  the  curves  for  initial 
fragment  velocity  previously  used  have  been  assumed  valid,  remaining 
unmodified  by  the  method  of  obtaining  fragmentation  control. 

2  7  The  initial  fragment  velocity  theory  for  a  short  warhead 

in 

At  the  present  time  interest  is  increasing  the  design  of  war¬ 
heads  which  have  small  values  (  <  l)  of  the  length/diameter  ratio.  The 
relations  bet  ween  initial  fragment  velocity  and  charge/case  weight  ratio 
used  in  previous  work!  and  illustrated  in  this  note  in  figures  1.091 
and  1.092  were  intended  to  apply  to  long  cylindrical  v/arheads;  experi¬ 
mental  evidence  which  has*bccome  available  recently?*!®  suggests  that 
the  velocities  have  been  over-estimated  whenever  the  length  of  the  war¬ 
head  was  less  than  (approximately)  twice  its  diameter. 

The  new  information  is  contained  in  the  results  of  two  series  of 
experiments  recently  completed  in  the  U  S  ,  one  at  the  Ballistic 
Research  Laboratories  where  a  trial  warhead  was  designed  in  such  a  way 
that  the  detonation  wave  wa s  almost  flat  as  it  passed  through  the  short 
warhead**  and  a  second,  which  may  be  considered  more  realistic,  at  the 

*  Ref. 1 ,  Fig.  90 

**  Ref.  7,  Pig.  6. 
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Naval  Proving  Ground,  where  the  initiation  of  'che  warhead  was  arranged 
to  occur  close  to  that  section  of  the  case  where  the  fragments  whose 
velocities  were  to  be  measured  originated,  so  simulating  more  accurately 
the  conditions  likely  to  be  encountered  in  practice.  The  results  of 
both  have  been  used  to  compute  curves  of  the  quantities  y^,  and  Y2? 

defined  as,  respectively,  the  ratios  of  the  true  initial  velocity, 
according  to  the  two  sets  of  experimental  data,  to  that  initial  velocity 
predicted  by  the  long  cylinder  theory:  y  is,  of  course,  a  function  of 
the  length/diameter  ratio  which  tends  to  unity  as  that  ratio  increases. 
Graphs  of  y-^  and  yp  appear  in  figure  1. 093- 

In  some  of  the  calculations  pertaining  to  this  note  the  correction 
factor  based  on  the  B,R«L.  data  was  applied  and  the  use  of  is  to 

be  understood  wherever  reference  is  made  in  subsequent  paragraphs  to 
the  effect  of  the  length/diameter  ratio-  The  N.P.G.  data  were  not 
available  Tvhen  the  work  was  carried  out,  but  the  curve  based  on  them 
is  included  as  being  more  likely  to  represent  the  actual  conditions 
during  the  detonation  of  a  short  warhead:  but  it  should  be  emphasized 
that  both  curves  are  likely  to  be  revised  as  more  data  become  available. 

3  Results  and  conclusions 

3- 1  The  effects  of  fragment  mass  on  the  vulnerability  of  individual 

components 

It  is  of  considerable  interest  to  know  the  magnitude  of  the 
relative  contributions  of  individual  subtargets  or  groups  of  subtargets 
to  the  probability  of  destruction  of  the  whole  aircraft  and  the  manner 
in  which  they  vary  with  the  mass  of  the  striking  fragment.  Typical 
curves  are  presented  in  figures  2.01  and  2.02  corresponding  to  a  warhead 
weight  of  150  lb  at  a  miss  distance  of  90  ft.  In  figure  2.02,  which 
refers  to  high  altitude  attack,  the  chances  of  incapacitating  the  pilots 
calculated  under  two  sets  of  conditions,  either  allowing  the  possibility 
of  an  explosive  decompression  following  the  shattering  of  the  cabin 
transparencies  or  not,  are  both  shown 

In  view  of  the  steep  rise  in  the  pilot  vulnerability  curve  corres¬ 
ponding  to  the  lower  fragment  weight,  and,  therefore,  to  a  higher  fragment 
density,  it  has  been  thought  wise  to  illustrate  the  effect  of  armour:  It 
has  been  assumed  that  the  pilots  are  completely  encased  within  a  layer 
of  dural,  •§"  thick,  although  clearly  such  an  arrangement  is  not  possible 
in  practice 0  The  pilots  having  been  armoured  thus  the  engines  remain  as 
the  most  vulnerable  component  (neglecting  the  bomb  load  which  will  be 
considered  in  greater  detail  in  the  next  section)  and  It  is  fair  to 
conclude  that  the  fragment  weight  should  be  of  the  order  of  ^  oz,  the 
optimum  against  the  engines  and  sufficient  to  give  at  least  some  chance 
of  incapacitating  the  pilots  even  when  they  are  moderately  armoured. 

3 . 2  H.E«  bomb  vulnerability 

It  is  evident  that  the  survival  chance  of  the  aircraft  must  diminish 
considerably  when  it  carries  a  light-cased  H,E.  bomb.  The  method  of 
assessing  bomb  vulnerability  having  been  described  In  a  previous  section 
it  remains  to  illustrate  its  effect,  but  first  this  point  must  be  made: 
the  conditions  of  fragment  strike  best  suited  to  detonate  the  bomb  and 
to  destroy  the  other  components  here  considered  are  unlike  and  it  follows 
that  the  warhead  design  may  be  influenced  by  the  strategic  decision  as 
to  how  far  It  is  desirable  that  the  defences  should  be  particularly 
effective  against  aircraft;  carrying  light-cased  H,E,  bombs. 
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It  has  been  found  that  the  best  solid  warhead  of  given  weight  to 
attack  an  aireraft  (whose  bomb  load  is  neglected)  is  that  giving  the 
greatest • fragment  density,  namely,  the  longest  permissible,  under  the 
restrictions  on  length  and  diameter  already  noted,  which  has  been  that 
with  the  lowest  charge/case  weight  ratio  in  the  range  of  parameters  so 
far  considered^.  The  chance  of  detonating  the  bomb  improves,  however, 
as  the  charge/ease  weight  ratio  is  increased,  due  to  the  higher  striking 
velocity,  and  in  most  of  the  eases  studied  there  has  been  a  tenaeney  for 
the  optimum  to  be  raised  above  the  minimum  defined  by  the  lower  limit  of 
4  ins  imposed  on  the  external  diameter  of  the  case:  the  extent  is  illus¬ 
trated  in  figure  2.04.  As  the  ratio  is  increased  beyond  this  optimum 
the  reduction  in  fragment  velocity  associated  with  small  values  of  the 
warhead  length/diameter  ratio  is  sufficient  to  cause  the  total  chance  of 
detonation  to  diminish  rapidly.  Although  these  conclusions  suggest  that 
the  differences  between  warheads  intended  to  attack  aircraft  earrying 
and  not  carrying  bombs  might  be  considerable  the  results  discussed 

below  show  that,  in  the  range  of  parameters  eonsidered,  they  are  in  i  act 
usually  small. 

Figures  2.01,  2.02  and  2.03,  illustrating  the  effect  of  the  varia¬ 
tion  of  fragment  mass  on  the  lethalities  of  tne  bomb  alone  and  of  the 
whole  aircraft,  indicate  that  a  fragment  mass  of  ^  oz  is  likely  to  be  the 
most  generally  useful  and,  accordingly,  most  of  the  results  that  follow 
refer  to  solid  warheads  controlled  to  give  ~  os  (2:2:1)  fragments  (it 
being  assumed  that  75%  of  the  metal  in  the  warhead  sides  is  converted 
into  controlled  fragments)  .  It  may  also  be  concluded  that  fragments 
weighing  l/l6  os  or  less  are  Incapable  of  damaging  the  bomb  and  it 
appears  that  the  method  of  optimising  the  charge/case  w eight  ratio  has 
little  effect,  particularly  at  high  altitude.  This  impression  is  con¬ 
firmed  by  figures  2.05  and  2.06,  graphs  of  probability  of  destruction 
agaunst  miss  distance,  'which  are  also  intended  to  show  what  increase  in 
the  probabilities  of  destruction  is  to  be  expected  when  the  aircraft 
carries  a  load  of  thin-cased  H,E,  bombs.  By  comparing  those  two  graphs 
an  estimate  may  be  made  of  the  importance  of  the  value  attached  to  the 
solid  angle  fi  defining  the  fragment  zone.  That  appropriate  to  figure 
2.05  is  the  ’optimum*  in  the  sense  of  Ref.l  ^that  is  to  say  it  is  such 
that  the  detected  point  always  lies  within  the  fragment  beam  whatever 
the  directions  of  flight  of  the  missile  and  target  aircraft)  and  varies 
with  the  conditions  of  attack*.  When  the  magnitude  of  the  target  is 
taken  into  account,  however,  the  constant  value  of  4  steradians  used  in 
preparing  figure  2.0b,  Is  probably  more  correct.  The  effects  on  the 
weight  of  the  v/arhead  of  assessing  the  bomb  load  as  vulnerable  and  of  the 
two  methods  of  optimizing  the  char  go/case  weight  ratio  may  be  estimated 
from  figure  2.07  while  the  order  of  difference  in  the  probability  of 
destruction  due  to  the  use  of  the  constant  f  rather  than  the  variable 
Q  may  be  determined  from  figure  2.08. 

3*3  The  comparative  lethalities  of  warheads  with  various  explosive  fillings/ 

The  substitution  of  an  explosive  more  powerful  than  T.N.T.  servos  to 


*  The  optimum  value  of  Q  so  defined  will  hereafter  be  referred  to  briefly 
as  the  variable  Q  and  the  term  fixed  Q  will  be  assumed  to  imply  a  con¬ 
stant  value  of  4  steradians. 

^  In  the  numerical  work  relevant  to  this  section  no  account  was  taken  of 
the  reduction  in  fragment  velocity  duo  to  small  values  of  the  warhead 
length/diameter  ratio  (cf.  section  2.7).  It  should  be  noticed,  also, 
that  the  values  of  the  charge/ease  weight  ratios  used  were  the  optima  for 
T.N.T.  filled  warheads  ;  In  order  to  maintain  the  same  values  of  the  total 
warhead  weight  the  dimensions  of  warheads  filled  with  other  explosives 
necessarily  had  to  be  different  and,  consequently,  the  limitations  set 
out  in  Ref.l,  namely  £  <  24"  and  2"  <  R  <  10",  have  not  been  strictly 
observed  in  all  instances. 
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increase  the  initial  fragment  velocity  at  a  given  charge/case  v/eight  ratio 
(in  the  manner  described  in  section  2.4)  •  Under  the  fuse  matching  con¬ 
ditions  implied  by  the  use  of  the  variable  fi  ,  as  previously  defined  in 
this  note  and  in  Ref.l,  the  probability  of  destruction  is  increased  as 
a  result  of  the  greater  fragment  velocity  and  the  narrower  permissible 
fragment  zone  but  far  a  fixed  fi  the  former  factor  only  contributes: 
the  curves  in  figure  2.09  confirm  that  the  increase  is  greater  when  fi 
is  variable  but  it  must  be  repeated  that  the  results  based  on  variable 
fi  seriously  over-estimate  the  advantage  to  be  gained  against  a  target 
of  finite  size. 

Some  saving  in  weight  might  thus  be  achieved  by  the  use  of  a  more 
powerful  explosive  and  it  is  shown  in  figure  2.10  that  the  amount  is 
sensibly  independent  of  miss  distance,  of  the  altitude  of  attack  and  of 
the  level  of  the  probability  of  destruction  when  the  weight  of  the 
T.N.T.  filled  warhead  is  150  lb;  however,  figure  2.11  suggests  that  for 
other  warhead  weights  the  probability  level  does  affect  the  percentage 
of  weight  saved.  Figure  2.12  shows  the  proportioned,  saving  in  warhead 
weight  and  increase  in  miss  distance  permissible  to  attain  a  given 
lethality  level:  the  effects  of  varying  the  three  parameters,  warhead 
v/eight,  miss  distance  and  target  altitude  are  so  small  that  the  curves 
plotted  may  be  taken  to  represent  all  values  in  the  ranges 
100  lb  <  t  <  250  lb,  0  ^  S  <  90  ft  and  h  =  15,000  ft  or  50,000  ft 
but  they  are  not  valid  for  fragment  masses  other  than  ^  oz. 

3-4  The  optimum  internal  radius  of  a  hollow  cylindrical  warhead  controlled 

to  give  oz^f ra^nents 

The  calculations  here  described  were  intended  to  supplement  an 
earlier  study!,  which  was  restricted  to  \  oz  fragments,  and  to  demonstrate 
an  important  change  in  the  order  of  the  optimum  annulus  due  to  the  inclu¬ 
sion  of  an  H.S.  bomb  load  as  a  vulnerable  component.  Figures  2.13  and 
2.14,  from  which  the  optima  may  be  deduced,  show  the  probabilities  of 
destruction  of  the  aircraft  without  bomb  load  and  of  the  bomb  load  alone, 
to  be  expected  at  miss  distances  of  45  and  95  feet  and  at  altitudes  of 
15,000  and  50,000  feet:  in  preparing  them  it  was  necessary,  at  small 
values  of  the  annular  radius,  to  compromise  between  the  two  initial 
fragment  velocity  theories  appropriate  to  hollow  and  solid  charges.  None 
of  the  warheads  represented  has  a  length/diameter  ratio  as  low  as  unity 
and  no  allowance  has  been  made  for  the  fall-off  in  velocity  associated 
with  small  values  of  that  ratio.  In  figure  2.5  the  probability  of 
destruction  of  the  aircraft  and  bomb  as  a  single  target  are  shown  for 
the  same  values  of  other  parameters- 

It  is  obvious  that  the  optimum  size  of  the  annulus  depends  primarily 
on  whether  or  not  the  bomb  is  considered  vulnerable.  It  is  believed  that 
the  situation  represented  by  these  figures  is  close  to  the  truth,  despite 
any  doubt  as  to  the  general  reliability  of  the  detonation  criterion;  this 
is  so,  not  only  because  the  assumption  that  the  bomb  has  a  thin  case 
reduces  the  relative  importance .  of  the  alternative  penetration  criterion, 
but  also  because  the  fragment  mass  here  considered  is  of  the  same  order 
as  those  occurring  most  frequently  in  penetration  trials,  a  circumstance 
which  heightens  confidence  in  the  energy  criterion  in  this  particular 
instance.  It  may  be  accepted,  'therefore,  within  the  limits  implied  by 
the  choice  of  parameters  in  this  study,  that  the  warhead  design  should 
depend  fundamentally  on  the  tactical  use  of  the  weapon  envisaged:  if  the 
design  is  Intended  to  be  particularly  effective  against  H.E.  bomb  carry¬ 
ing  aircraft  then  the  annulus  should  be  small  or,  perhaps,  non-existent, 
whereas  If  the  weapon  is  to  be  used  against  all  bomber  aircraft  a  large 
annulus  is  likely  to  prove  most  satisfactory  in  the  long  run. 
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3 . 5  The  practicability  of  double-layer  wire-winding  as  a  method  of 

fragment  control  in  a  short  range  guided  missile 

The  success  of  a  double-layer  wire-wound  warhead  must  depend  on 
the  ability  of  the  designer  to  provide  fragments  which  are,  at  on^  and 
the  same  time,  both  sufficiently  large  and  sufficiently  fast  to  cause 
lethal  damage.  If  the  weapon  and  corresponding  warhead  should  both  be 
small  the  fact  that  fragment  mass  and  velocity  are  interdependent  is 
likely  to  cause  some  difficulty:  for  the  case  thickness  depends  directly 
on  the  fragment  size  and  itself  implies  a  minimum  radius  and  length/ 
diameter  ratio  in  order  to  satisfy  the  velocity  requirement.  If  the 
warhead  defined  by  these  minima  is  larger  than  that  which  can  be  installed 
no  double  wire-wound  warhead  can  satisfy  the  conditions;  otherwise  the 
designer  has  a  certain  degree  of  choice. 

A  study  has  been  made  of  a  200  lb  solid  warhead  in  order  to  compare 
the  single  and  double  wire-winding  methods  of  controlling  fragments  to 
a  mass  of  ^  oz.  The  case  thickness  of  the  double  wire-wound  warhead  is, 
of  course,  twice  that  of  the  single,  and  the  warhead  is  of  such  a  size 
for  the  argument  outlined  in  the  previous  paragraph  to  apply,  under  the 
conditions  stated:  consequently  the  single  is  in  this  case  decidedly 
the  better  (the  H.E.  bomb  being  completely  invulnerable  to  the  double 
wire-wound  warhead,  indeed)  and  the  extent  of  its  superiority  is  shewn  in 
figure  2.6  It  has  been  considered  instructive  to  present  in  the  same 
figure  corresponding  curves  for  l/l6  oz  fragments;  in  this  case  the 
indications  are  that  under  certain  conditions  the  double  wire- wound 
warhead  is  the  better. 

3.6  Conclusions  and  Summary 

The  nomogram  described  in  this  report  has  proved  itself  in  regular 
use  over  a  period  of  some  months,  particularly  because  it  presents  a 
number  of  the  standard  results  employed  in  lethality  assessment  in  a 
form  at  once  readily  accessible  and  suitable  for  application  to  a  wide 
range  of  calculations;  results  obtained  from  it  have  led  to  the  follow¬ 
ing  conclusions 

(1)  The  optimum  fragment  mass  to  attack  the  crew  and  engines  of 
a  heavy  bomber  aircraft  is  5  oz,  unless  it  is  certain  that  the  crew  is 
not  protected  by  armour  when  smaller  sizes,  possibly  as  small  as  1/32  oz, 
would  be  bettor. 

(2)  It  would  be  profitable  to  attack  light-cased  H.G.  bombs  within 
the  aircraft  using  ^  oz  fragments  having  an  initial  velocity  of  8000  ft/sec. 

(3)  If  the  warhead  were  filled  with  Torpex  rather  than  T.N.T. 
there  would  be  a  saving  in  total  weight  of  10/  or  possibly  more;  for 
R.D.X./T.N.  T.  ,  60/40,  the  corresponding  saving  "would  be  about  5/* 

(4)  For  5  oz  fragments  double  wire- winding  does  not  seem  to  be  a 
practicable  method  of  fragment  control  within  the  range  of  warhead 
dimensions  considered,  but  for  a  warhead  designed  to  attack  moderately 
soft  targets  controlled  to  give  l/l6  oz  fragments  the  method  might  be 
used  with  advantage. 
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APPENDIX 

A  list  of  the  parameters  used  in  the  nomogram 

together  v/ith  a  brief  discussion  of  the 

extent  to  vyhieh  they  may  be  varied 


The  following  parameters  are  implicit  in  the  graphs  and.  cannot  be 
varied: - 


V, 


M/Vt 
a 

P 


m 


"h 


ratio,  (missile  veloeity) /(target  aireraft  veloeity)  =  2.0 

the  fuze  looking- angle  ~  70° 

the  density  of  mild  steel  =  0.28399  lb/cu.  in 

the  atmospheric  retardation  constant  at  altitude  h 

=  O.OO5564  P h/pQ 


Similarly  the  energy  criterion  of  H.E.  bomb  detonation  and  the  criterion 
to  determine  the  residual  velocity  of  a  fragment  which  has  penetrated 
the  bomb  doors  are  invariable. 


The  following  quantities  may  be  chosen  to  suit  any  condition  of 
engagement,  within  reasonable  limits 


f 

h 

k-o/k 

m 

r 

t 

z 

CAT 


w 

X 

Pl 


proportion  of  fragmenting  metal  converted  into  controlled 
fragments 
height  of  attack 

ratio,  (thiekness  of  liner) /(thiekness  of  warhead  ease) 
fragment  mass 

distance  of  burst  from  target 

ratio,  (end  plate  thickness) /(case  thickness,  k) 
ratio,  (density  cf  H.E.  filling) /(density  of  T.N.T.) 
ratio,  (charge  weight) /(weight  of  case,  excluding  end 

plates  but  including  liner) 

radius  of  annulus 

total  weight  of  warhead  (exeluding  any  material  filling 
the  central  annulus) 

ratio,  (fragment  velocity  due  to  H.E.  filling) /( fragment 
veloeity  due  to  T.N.T.) 
density  of  liner 


Also  the  fragments  may  be  cubes  or  (2x2xl)  parallelepipeds,  whose  greatest 
faces  lie  in  the  surfaee  of  the  case,  and  it  is  possible  to  examine  the 
effect  of  a  single  or  double  wire-winding.  The  quantities  \,z  depend 
on  the  type  of  H,E*  filling  considered. 


However  most  of  these  restrictions  only  apply  to  eertain  graphs: 
for  example  the  value  of  the  ratio  Ym/Vt  quoted  is  only  employed  in  the 
calculation  of  Q  according  to  the  ’optimum'  method  of  Ref.  1.  The 
reader  is  referred  to  the  equations  and  remarks  in  Table  V  for  detailed 
information. 
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TABLE  I 

Values  of  Aj  ,  the  mean  presented  area  (sq.ft)  of 
the  j'kk  subtarget,  and  of  log^Q  Aj  :  also  of 

the  penetration  constants  and  thicknesses 

for  each  sub  tar  get 


C  omp  on  on  t 

Fragment 

Mass  (oz) 

■  Pilot 

Dngine 

Transparencies 

Bomb 

Part  shi < 

Dural 

sided  by 

Perspex 

h  <  43000 

h>  43000 

■5  (  No. 

1.  9 

0.  9 

2.4 

0 

5.0 

15.0 

(  log 

0. 2788 

-0.0458 

O.38O2 

—  CO 

0.6990 

1 1761 

Z  (  No 

1.7 

0.8 

I.44 

0 

5.0 

15.0 

(  log 

0.2304 

-0.0969 

0.1584 

—  CO 

0.6990 

1.1761 

i  (No. 

1.4 

0.7 

0 

0 

5-0 

15.0 

(  log 

0. 1461 

-0. 1549 

—  00 

—  00 

0.6990 

1.1761 

<  1/16  (  No 

1.3 

0.6 

0 

0 

5-0 

15.0 

(  log 

0.1139 

-0.2218 

—  00 

—  00 

0.6990 

1. 1761 

700,8000* 

700,1800* 

6000 

1800 

Pj 

0  7,0.06 

0.7,0.  5 

0.31 

0.5 

V  pj 

970 

1390 

i860 

900 

log(Kj  •  Pj) 

2, 9868 

3.1430 

3.2695 

2.9542 

*  The  criterion  for  incapacitating  a  pilot  is  equivalent  to  that  for  the 
penetration  of  0.7  ins  of  wood:  the  pilot  is  shielded  partly  by  0.06  ins 
dural  plates  and  partly  by  the  cabin  transparencies,  here  supposed 
perspex,  0.5  ins  thick.  If  the  transparencies  arc  included  as  a  vulner¬ 
able  component  that  part  of  the  pilot  shielded  by  them  must  be  neglected 
in  the  pilot  lethality  assessment.  In  the  calculations  relating  to 
armoured  pilots  (section  3-1)  "the  value  of  K^Pj  must  be  increased 
by  the  quantity  0.315  x  8000  to  correspond  to  the  greater  thickness  of 
dural:  thus 

K.p .  =  3490  log  KjPj  =  3*5428  (dural  shielding) 

1)  J 

K-iP-i  =  3910  log  K-p-  =  3- 5 ->22  (perspex  shielding) 

J  J  J  J 
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TAELS  II 

Values  of  k,  the  thickness  of  the  warhead 
case  (in)  ,  and  of  log^Qk:  also  of  the 

fragment  parameters  y-j_,  yg  and  y^* 


Fragment 
mass  (oz) 

Dimensions 
of  fragment 

k  x  k  x  k 

2  *  2  *  2 

2k  x  2kxk 

1 

2 

(  No. 

0.4792 

0.9584 

O.3OI9 

(  log 

-0.3195 

-0.  0184 

-0.5201 

1 

A 

(  No. 

0. 3803 

0. 7607 

0.2396 

(  log 

-0.2)199 

-0.1188 

-0.6205 

1 

6 

(  No. 

O.3019 

0. 6038 

0.1902 

Values 

(  log 

-0.5201 

-0.2191 

-0.7208 

of  k 

Vl6 

(  No. 

O.2396 

0.4792 

0.1509 

(  log 

-0. 6205 

-0.3195 

-0.8213 

1/32 

(  No. 

0.1902 

0. 3803 

0. 1198 

(  log 

-0. 7208 

-0.4199 

-0. 9216 

V64 

(  No. 

0. 1509 

0.3019 

0.0951 

V  log 

-0.8213 

-0.5201 

-1.0218 

yi 

(  No 

2.0 

l6.0 

0.5 

(  log 

0. 3010 

1.  2041 

-0.3010 

Values  of 

y2 

(  No 

1.5 

3.0 

1  0 

parameters 

(  log 

0.1761 

0.4771 

0 

y* 

(  No. 

1.0 

0.5 

4-0 

J 

(  log 

0 

-0.3010 

0.6021 

*  The  quantities  y-^,  yo  end  y-  are  parameters  introduced  to  reduce 
the  number  of  dimensions  in  certain  graphs  and  are  defined  as  follows 


yi  =  2k3  p/m 

y2  =  ak  p/m 
y3  =  m/k  pm  62 
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TABLE  III 

Values  of  X  and  z 


H.E.  charge 

X 

Z 

Amatol 

0.87 

1.0 

T.N.T. 

1.0 

1.0 

rdx/tnt  60/40 

1.1 

1.0449 

Torpex 

1.2 

1. 1089 

ratio,  (fragment  velocity  due  to  H.E. filling) /(fragment  velocity  due 

to  T.N.T.) 

ratio,  (density  of  H.E.  filling) /(density  of  T.N.T.) 
density  of  T.N.T.  =  0. 05624  lb/cu. in 
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Symbol 

®1 

^crit 

a 

b 

c 

ch 

d 

e 

f 

g(ai) 

h 

k 

ko 

l 

m 

n 

p,(pd) 

r 

t 

t 

yl 

y2 

y3 

Z 

B 

cA 

E 
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TABLE  IV 

Notation 

Me  aning  Units 

presented  area  of  fragment  at  the  instant  of  impact  sq.  in 

maximum  value  of  a±  for  which  penetration  is  sq.  in 

possible 

mean  presented  area  of  fragment  sq. in 


(as  suffix)  appropriate  to  the  H.E.  bomb 

(as  suffix)  appropriate  to  the  pilots 

atmospheric  retardation  factor  at  altitude  h 
(as  suffix)  appropriate  to  dural  bomb  doors 

(as  suffix)  appropriate  to  the  engines 
properties  of  fragmenting  metal  converted  into 


controlled  fragments 
distribution  function  of  a^ 

altitude  of  attack  ft 

thickness  of  warhead  case  in 

thickness  of  liner  in 

length  of  warhead  (excluding  end-plates)  in 

fragment  mass  oz 

number  of  controlled  fragments  produced 

thickness  of  the  (j^k)  subtarget  in 

distance  of  burst  from  target  ft 


ratio,  (end  plate  thickness) /(case  thickness,  k) 

(as  suffix)  appropriate  to  the  cabin  transparencies 

2*3Pn/») 

_  )  parameters,  functions  of  fragment  shape, 

akp^m  )  tabulated  in  Table  II 

Vk  Pm62  ) 

ratio,  (density  of  H.E.  filling) /(density  of  T.N.T.) 

mean  presented  vulnerable  area  (of  the  sq.ft 

subtarget)  tabulated  in  Table  I 

logio  W  0  r2) 

ratio,  (charge  weight) /(weight  of  case,  excluding  end 

plates  but  including  liner) 

kinetic  energy  -of  fragment  ft/oz/sec 

dynamic  units 
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Svmbol 


1(1,) 


K(Kj) 

L/D 


Pd 


P(h:k) 


Q 

q(h:k) 


% 

R 


RA 

% 

Vo 


V, 


T 


W 


Vfn 


¥■ 


E 


ffl 


W. 


m 


W, 


Wo 


lie  aning  Units 

factor  diminishing  A,(Aj),  to  account  for  the 
number  of  fragments 1  failing  to  penetrate  (the 
j^h  subtarget)  at  range  r 

penetration  constant  (for  the  subtarget) 

warhead  length/di amoter  ratio 

probability  of  destroying  the  target  aircraft, as  a  whole 

probability  of  detonating  the  H.E.  bomb,  given  a 
fragment  strike 

probability  of  a  fragment  striking  the  H.E.  bomb 

probability  of  destroying  at  least  h  of  a  set  of 
k  identical  subtargets 

probability  of  causing  lethal  damage  to  the 
subtarget 

survival  chance  of  the  target  aircraft,  as  a  whole 
1  -  P  (h:k) 

X.  u 

survival  chance  of  the  j  subtarget 


external  radius  of  the  warhead  in 

radius  of  annulus  in 

missile  velocity  ft/sec 

initial  static  fragment  velocity  ft/sec 


residual  fragment  velocity  after  penetration  of  dural  ft/sec 
skin 

striking  velocity  of  fragment  ft/sec 
velocity  of  the  target  aircraft  ft/sec 
total  warhead  weight  (excluding  that  of  any  material  lb 


within  the  central  annulus) 

weight  of  charge  lb 
weight  of  the  two  end  plates  lb 
weight  of  liner-  lb 
weight  of  side  walls  lb 


(w  -  WE)/k3 


d  +  o\  \ 

V  ek2 


+  ¥. 


m 


tie 
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Symbol  leaning 

Y  2Ktpm(R/k)2 

YA  2ut  pm  (^Vk)2 

Z  log10  [  Kp  ai  pm/m  V0  ] 

a  the  fuze  looking- angle 

3  static  fragmentation  angle  of  throw 

Y  ratio  (V0,  experiment  al)/(V0,  predicted) 

6  length  of  the  shortest  edge  of  a  fragment 

\  ratio,  (fragment  velocity  due  to  H.E.  filling)/ 

(fragment  velocity  due  to  T.N.T.) 

11  VitA2 

p  density  of  warhead  charge 

p^  density  of  atmosphere  at  altitude  h 

p,(p.)  expected  number  of  strikes  penetrating  (the 
^  subtarget) 


Pl 


density  of  the  liner 


density  of  the  metal  case 
m 


n 


solid  angle  defining  the  fragmentation  zone 


-  21  - 

SECRET  -  DISCREET 


G.Yf.  120 

Units 


degrees 

degrees 

in 


lb/  cu.  in 
lb/ cu.  ft 

lb/ cu.  in 

lb/cu.  in 

solid 

radians 


r 


H 

ui 

UJ 

ct 

U* 

V) 


H- 

ui 

C£ 

U 

UI 

V) 


H 

I 


i3 

S 

§ 


ad 

CO 

P 

0 

-p 

o 

o 

o 

VO 

o 

o 

d. 

o 

• 

o 

0. 6 

0 

X 

0 

i  i  n 

ii 

n 

ii 

II 

n 

II 

n 

£ 

P 

M 

3 

p 

> 

> 

Q- 

> 

LJ 

O- 

> 

Cl. 

> 

CO 

0  p 

i — !  0 

rP  -P 

cd  0 

II 
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o 

•rH 

*8 
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cd 
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o 
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»H 
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<h 

O 
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M 
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•8 
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FIG  2  01 


PROBABILITY  OF  DESTRUCTION 


F|G. 2*01.  VARIATION  OF  THE  VULNERABILITY  OF  VARIOUS 
COMPONENTS  WITH  THE  VALUE  TO  WHICH  FRAGMENT  MASS  IS 
CONTROLLED  FOR  A  ISO  LB.  WARHEAD  ON  A  TRAJECTORY  AT 
A  DISTANCE  OF  90  FT.  FROM  THE  VULNERABLE  AREA  OF  THE 
TARGET:  TARGET  ALTITUDE  15,000  ft. 
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PROBA&IUTV  OF  DESTRUCTION 


FIG.2*02.  VARIATION  OF  THE  VULNERABILITY  OF  VARIOUS 
COMPONENTS  WITH  THE  VALUE  TO  WHICH  FRAGMENT  MASS  IS 
CONTROLLED  FOR  A  150 LB.  WARHEAD  ON  A  TRAJECTORY  AT  A 
DISTANCE  OF  90  FT.  FROM  THE  VULNERABLE  AREA  OF  THE 
TARGET:  TARGET  ALTITUDE.  50,000  FT. 
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OPTIMUM  CHAR.qt|  CASE  WEIQHT  RATIO  FOR  ATTACK  ON  AIRCRAFT  CARRYING  HE.  BOMB - 

OPTIMUM  CHARQEjCASE  WEIGHT  RATIO  FOR  ATTACK  ON  AIRCRAFT  NOT  CARRYING  H-E.flOMB - 


FIG.  2*03.  VARIATION  OF  THE  VULNERABILITY  OF  THE  H.E. 
BOMB  WITH  THE  VALUE  TO  WHICH  FRAGMENT  MASS  IS 
CONTROLLED,  THE  CHARGE/CASE  WEIGHT  RATIO  HAVING  BEEN 
OPTIMISED  UNDER  EACH  OF  TWO  CONDITIONS,  NAMELY  THAT 
THE  AIRCRAFT  IS  AND  IS  NOT  CARRYING  AN  H.E.  BOMB. 
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FIG.2Q4. 

ALLOWANCE  HAS  BEEN  MADE  FOR  THE  EFFECTS  OF  SMALL  VALUES  OF  THE 
WARHEAD  LENGTH /DIAMETER  RATIO  CV  SECT.  2-7) 

PROBABILITY  A  MINIMUM  VALUE  OF  c/w  IS  DEFINED  BY  THE  REQUIREMENT  THAT  R  £2 : THESE  CURVES 
,  OF  DESTRUCTION  ARE  REPRESENTATIVE  OF  CASES  WHERE  THE  OPTIMUM  fc/u>  IS  NOT  THE  MINIMUM  CAS  IT 


FIG.  204.  OPTIMUM  VALUES  OF  THE  CHARGE /CASE  WEIGHT 
RATIO  OF  WARHEADS  OF  VARIOUS  WEIGHTS,  CONTROLLED  TO  GIVE 
l/A  02.  (2:2:1)  FRAGMENTS,  AGAINST  A  TYPICAL  FUTURE  BOMBER, 
THE  H.E.  BOMB  LOAD  BEING  CONSIDERED  VULNERABLE. 
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PRESSURE  CABIN  TRANSPARENCIES 
NOT  INCLUDED 


FIG.  2*05.  VARIATION  OF  THE  PROBABILITY  OF  DESTRUCTION 
WITH  EXPLICIT  MISS  DISTANCE  FOR  A  150  LB. WARHEAD 
CONTROLLED  TO  GIVE  3  OZ.  (2.*2:l)  FRAGMENTS.TO  ILLUSTRATE 
THE  EFFECT  OF  INCLUDING  THE  H.E.  BOMB  IN  THE  VULNERABILITY 
ASSESSMENT  :  FRAGMENT  CONE  DEFINED  BY  THE  VARIABLE  _n_. 
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PROBABILITY  PRESSURE  CABIN  TRANSPARENCIES  AND 

OF  DESTRUCTION  H.E.  BOMB  LOAD  NOT  INCLUDED 


FIG.208  .VARIATION  OF  THE  PROBABILITY  OF 
OBSTRUCTION  WITH  EXPLICIT  MISS  DISTANCE  FOR  A 
I50LB.  WARHEAD,  CONTROLLED  TO  GIVE  |oz.  (2:2:l) 
FRAGMENTS,  TO  ILLUSTRATE  THE  EFFECT  OF  VARYING  -0-. 
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FIG.  2-09.  VARIATION  OF  THE  PROBABILITY  OF  DESTRUCTION 

WITH  THE  RATIO  A  .  FRAGMENT  VELOCITY  DUE  TO  HE.  FILLING 
WITH  THE  KAIIU  f\  *  FRAGMENT  VELOCITY  DUE  TO  TNT. 

FORA  150  LB.  WARHEAD  CONTROLLED  TO  GIVE  ~  OZ.  (2:2:l) 

FRAGMENTS. 
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F|G.2‘II.  the  effect  of  changing  the  h.e.  filling  on  the  variation  of  warhead  weight 

WITH  EXPLICIT  MISS  DISTANCE  FOR  CERTAIN  CONSTANT  PROBABILITIES  OF  DESTRUCTION. 
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FIG.2I2. 


FIG.  2*12.  THE  PROPORTIONAL  SAVING  IN  WARHEAD  WEIGHT  AND  INCREASE  IN  MISS  DISTANCE, FOR  A 
GIVEN  PROBABILITY  OF  DESTRUCTION, TO  BE  ACHIEVED  BY  CHANGING  THE  H.E.  FILLING. 
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FIG.2'13. 
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FIG.2-13.  VARIATION  OF  THE  PROBABILITY  OF 
DESTRUCTION  OF  THE  CREW  AND  ENGINES  TOGETHER 
AND  OF  THE  H.E.  BOMB  LOAD  ALONE  WITH  THE  ANNULAR 
RADIUS  OF  A  150  LB.  HOLLOW  WARHEAD,  CONTROLLED  TO 
TO  GIVE  4  OZ.  (2:2M)  FRAGMENTS,  AT  A  MISS  DISTANCE 

OF  45  FT. 
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FIG. 2*  14.  VARIATION  OF  THE  PROBABILITY  OF 
DESTRUCTION  OF  THE  CREW  AND  ENGINES  TOGETHER 
AND  OF  THE  H.E.  BOMB  LOAD  ALONE  WITH  THE  ANNULAR 
RADIUS  OF  A  150 LB.  HOLLOW  WARHEAD,  CONTROLLED  TO 
GIVE  ^OZ.  (2:2:1)  FRAGMENTS.  AT  A  MISS  DISTANCE 

OF  95  FT. 
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FIG.  2*15.  VARIATION  OF  THE  PROBABILITY  OF 
DESTRUCTION  OF  THE  WHOLE  AIRCRAFT,  INCLUDING 
THE  H.E.  BOMB  LOAD,  WITH  THE  ANNULAR  RADIUS  OF 
A  ISO  LB.  HOLLOW  WARHEAD  CONTROLLED  TO  GIVE 
^OZ.  (2-2:1)  FRAGMENTS. 
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FIG.  2*16.  VARIATION  OF  PROBABILITY  OF  DESTRUCTION 
WITH  EXTERNAL  RADIUS  OF  A  200  LB.  WIRE -WOUND 

WARHEAD. 


ATI-  113  228 


SECURITY  INFORMATION 
SECRET 


Royal  Aircraft  Establishment,  Farnborough,  England  1.  Warheads,  Fragmentation 
(Technical  Note  No.  GW  120)  2.  Warheads  -  Destructive 

FURTHER  STUDIES  OF  THE  DESIGN  OF  GUIDED  effect 

WEAPON  WARHEADS,  WITH  A  DESCRIPTION  OF  A  3.  Missiles,  Guided  - 

NOMOGRAPHIC  METHOD  OF  CALCULATING  Gt.  Britain 

LETHALITY,  by  J.K.S.  Clayton,  G.C.A.  Ruston,  I.  Clayton,  J.  K.  S. 

F.I.  Reynolds,  and  others.  June  *51,  79  pp.  incl.  n.  Ruston,  G.  C.  A. 

tables,  graphs.  SECRET  III.  Reynolds,  F.  L 

A  previously  developed  theory  for  calculating  the 
survival  chance  of  a  typical  aircraft  exposed  to  the 
fragmentation  of  a  cylindrical  guided  missile  war¬ 
head  was  applied  to  assess  the  probability  of  survival 

(over) 

DIVISION:  Guided  Missiles  (1) 

SECTION:  Warheads  (5) 

DISTRIBUTION:  Copies  obtainable  from  CADO  by 

U.  S.  Military  Organizations  only.  CENTRAL  AIR  DOCUMENTS  OFFICE 


SECRET 


under  particular  conditions  of  fragment  mass,  total 
warhead  weight,  charge/case  weight  ratio,  fuze  burst 
range,  and  height  of- attack.  The  criteria  for  the 
destruction  of  the  entire  aircraft  were:  lethal  damage 
to  at  least  two  of  the  four  engines;  injury  to  the  two 
pilots  sufficient  to  incapacitate  both;  or,  at  heights 
greater  than  43,000  feet  only,  the  penetration  of  the 
pressure  cabin  transparencies..  The  nomogram  has 
proved  useful  over  a  period  of  some  months  In  appli¬ 
cation  to  a  wide  range  of  calculations. 


SECRET 
ATI-  113  228 


SECRET 


[dstl] 

Information  Centre 
know  let  fge  Services 
[dstl]  Ponon  Dow  n. 
Salisbnn 
H  ills 
SP4  OAQ 

Tel:  0I9$0-6I3~M 
f  ax  0 1 9SO-6 139  ~0 


Defense  Technical  Information  Center  (DTIC) 
8725  John  J.  Kingman  Road,  Suit  0944 
Fort  Belvoir,  VA  22060-6218 
USA. 


AD#: 

Date  of  Search:  16  February  2007 
Record  Summary: 

Title:  Further  studies  of  design  of  guided  weapons  warheads  with 
description  of  a  nomographic  method  of  calculating  lethality 
Covering  dates  1951 

Availability  Open  Document,  Open  Description,  Normal  Closure  before  FOI 
Act:  30  years 

Former  reference  (Department)  TN  GW  120 
Held  by  The  National  Archives,  Kew 


This  document  is  now  available  at  the  National  Archives,  Kew,  Surrey,  United 
Kingdom. 

DTIC  has  checked  the  National  Archives  Catalogue  website 
(http://www.nationalarchives.gov.uk)  and  found  the  document  is  available  and 
releasable  to  the  public. 

Access  to  UK  public  records  is  governed  by  statute,  namely  the  Public 
Records  Act,  1958,  and  the  Public  Records  Act,  1967. 

The  document  has  been  released  under  the  30  year  rule. 

(The  vast  majority  of  records  selected  for  permanent  preservation  are  made 
available  to  the  public  when  they  are  30  years  old.  This  is  commonly  referred 
to  as  the  30  year  rule  and  was  established  by  the  Public  Records  Act  of 
1967). 


This  document  may  be  treated  as  UNLIMITED. 


